BAGGAGE POSITIONER FOR BAGGAGE CONVEYOR 
FIELD OF THE INVENTION 

This invention is in the field of automated baggage handling devices and in particular 
is in the field of baggage positioning equipment for jam reduction and prevention for baggage 
5 conveyors. 

BACKGROUND OF THE INVENTION 

Airport and passenger transport aircraft security have become a dramatically 
increasing concern in recent years. New procedures and new equipment for increasing the 
effectiveness of airport and aircraft security have become necessary. This includes faster and 
10 more effective methods and equipment for automated baggage and air freight inspection. 

Equipment that is being installed and utilized at increasing numbers of airports are 
Explosive Detection Systems ("EDS"). At the present time there are two EDS devices that 
are most commonly used at airports. One of these devices admits baggage items with a width 
of up to 25 inches and a height of up to 19 inches. The other has a two tier opening. For the 
15 latter, if a baggage item is less than 16 inches tall, it can have a width of up to 29 inches. If 
the baggage item is taller than 16 inches but less than 21.5 inches in height, the width is 
limited to 21.5 inches. 

Each of these two commonly used EDS devices as well as other EDS equipment and 
other airport baggage inspection equipment must operate on a continuous basis for a baggage 
20 stream fed by common baggage conveyors. Newer baggage conveyor belts are typically 39 
inches wide and baggage fed by such conveyors may be in any orientation and in any lateral 
position on the belt. Other feed conveyor belts in use, particularly older ones, may have a 
width of 33 inches or 27 inches. "Repositioning" of a baggage item, which may include 
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lateral displacement of the geometric center of the baggage item or may include reorienting of 
the baggage item by rotation of the baggage item about its geometric center, or both, may be 
required for a baggage item to be positioned entirely within the desired baggage stream width. 
For purposes of this application the term "position" as used with regard to a baggage item, 

5 including use in the form "positioning" or "positioned", shall be deemed to include lateral 
location and orientation on a horizontal conveyor belt, unless stated otherwise. Baggage 
items randomly positioned on a 39 inch or other size feed conveyor belt may require 
repositioning in order to pass through a 29 inch wide opening, a 2L5 inch wide opening, or an 
opening of other width, particularly if the allowable width varies depending upon the height 

10 of the baggage. This has been an ongoing problem since the installation of the EDS devices. 
A similar problem may exist at an entrance to other baggage inspection or handling equipment 
and at transitions between newer and older conveyor belts, which often have different widths, 
thereby requiring a reduction of the baggage stream width. 

Air freight parcels and other items, hereinafter referred to as "air freight items"which 

15 are commonly shipped in box shaped containers of cardboard or other materials, are also 
typically handled by conveyors at airports. Air freight items are likewise the subject of 
increased security concern at airports and inspection equipment and procedures for air freight 
items is receiving increasing attention. This is particularly true of air freight items which are 
shipped on passenger aircraft along with passenger baggage. Air freight items, particularly 

20 items shipped in box shaped containers, are less likely than baggage items to jam at points 
where the stream width is reduced. This is because many baggage items are not firm or rigid 
in form or have corners, edges or surfaces of resilient material, and thus do not slide as readily 
as cardboard boxes. The present invention can be used for air freight items as well as 
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passenger baggage items. In the interest of brevity, for purposes of this application the term 
"baggage" shall be defined to include passenger baggage items and air freight items and the 
term "baggage item" shall be defined to be either a passenger baggage item or an air freight 
item. 

5 The operation of EDS devices has typically required the presence of a full time 

operator to prevent jams. While repositioning equipment is currently being used at most 
installations, the effectiveness of such equipment is too low to allow the EDS devices to be 
operated without a full time operator. The jam incidence rate is currently no better than 3% 
for the repositioning equipment currently in use with the EDS devices. 

10 It is an objective of the present invention to provide a baggage positioner device for a 

conveyor baggage stream which will substantially decrease the jam incidence rate at the 
entrance to baggage inspection equipment and at other locations where the baggage stream 
width must be reduced. 

It is a further objective of the present invention to provide a baggage positioner device 

15 which will eliminate the need for a full time operator for an EDS device installation and 
reduce operator requirements for other locations where the baggage stream width must be 
reduced. 

It is a further objective of the present invention to provide a baggage positioner device 
which is relatively economical to construct and simple to operate and maintain. 
20 It is a further objective of the present invention to provide a baggage positioner device 

with a variable discharge width thereby providing for a variable reduction in the width of a 
baggage stream. 
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SUMMARY OF THE INVENTION 

A preferred embodiment of the baggage positioner is comprised of a horizontal 
conveyor, a pair of opposing positioning arms, position sensor, support structure, and 
positioning arm controller which is linked to the position sensor and the positioning arms. 
5 Other sensors and features can be added for additional flexibility and enhanced performance. 

The horizontal conveyor will preferably be a typical conveyor belt with a horizontal 
belt drive. The horizontal conveyor drive means may have a fixed speed thereby providing 
for a fixed and known horizontal conveyor belt speed or may be equipped with a variable 
speed drive, such as a variable frequency drive, which may also communicate with the 
10 positioning arm controller thereby providing for user selected or automated variation in the 
speed of the horizontal belt. The speed of the horizontal belt will generally need to be equal 
to or greater than the speed of the feed conveyor delivering baggage to the baggage positioner. 

The positioning arms each have a vertical belt with a vertical belt bi-directional drive 
means, which typically will utilize a motor, drive, drums, and a tension mechanism, all of 
1 5 which are known in the art. An automated switch can be used to reverse the motor or the 
drive, to provide for changing the direction of belt movement, providing for bi-directional 
movement of each of the vertical belts. The vertical belt bi-directional drive means 
communicates with the positioning arm controller, which independently operates each vertical 
belt, turning each on and off and determining the direction of movement of each belt as 
20 needed to position baggage items for a reduced baggage stream width. Each vertical belt 
drive means may also be a equipped with a variable speed motor or variable speed drive. A 
preferred variable speed drive is a variable frequency drives which provide for both variable 
speed and belt direction control in a single device for the vertical belts. 
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The position sensor can be positioned at the infeed end of the baggage positioner and 
can consist of an array of photo sensors mounted on a sensor rack. Reflective photo sensors, 
background suppression type photo sensors, a photo array light curtain, a laser volume 
measurement system, an ultrasonic volume measurement system or other position sensor 

5 means known in the art for sensing the position and other data for each baggage item at the 
infeed end of the baggage positioner could be used. Other position sensing means will likely 
be developed in the art in the future which could be deployed for the present invention. 

Data obtained by the position sensor is used by the positioning arm controller in 
determining when to actuate each of the vertical belts and which direction to turn the belt to 

10 provide for the desired repositioning of the baggage item so that it will pass through a 
restricted opening of baggage inspection equipment or otherwise be repositioned to a 
maximum baggage stream width without jamming. The position sensor data can also be used 
to determine the respective speeds of the vertical belts if the vertical belts are equipped with a 
vertical belt variable speed drive. 

15 The vertical slide of the positioning arms may be equipped with slide springs and one 

or more pressure sensors so that when a baggage item collides with the vertical belt and 
presses the vertical slide it actuates one or more of the pressure sensors. Pressure sensor 
activation is communicated to the positioning arm controller and is used to assist in the 
determination of the direction of movement, or direction and speed of movement, of the 

20 vertical belt to effect the appropriate repositioning of the baggage item. Although a set of 
pressure sensors used with a spring loaded vertical slide as described above is preferred by the 
inventor for sensing the time of and position of impact of a baggage item with a respective 
positioning arm, other positioning arm impact sensing means are known in the art and can be 
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used. 

As stated above, a primary objective of the present invention is to prevent or reduce 
jamming of conveyor belt baggage feed to automated baggage inspection equipment and in 
particular to EDS systems at airports. At the time of submission of this application there are 

5 two primary EDS systems in use at airports. One of these systems has a baggage entrance 
which is 25 inches wide and 19 inches high. The other system has two sets of limits. If the 
baggage item is 16 inches or less in height then it can have a maximum width of 29 inches. If, 
on the other hand, it has a height more than 16 inches but less than 21.5 inches, it can have a 
maximum width of no greater than 21.5 inches. Other types of baggage inspection equipment 

1 0 and other baggage handling operations may require positioning baggage for reducing the 
baggage stream width by various amounts thereby requiring more than one discharge width 
for the positioning arms. The baggage stream width is the maximum lateral width between 
opposing sides of the baggage stream. 

A preferred embodiment of the present invention which provides for jam prevention or 

1 5 reduction for baggage feed to EDS equipment with more than one discharge width 

requirement and may be used for other equipment or applications requiring varying reductions 
in the baggage stream width, includes an arm pivot mechanism. This application discloses an 
arm pivot mechanism that has been found by the inventor to be particularly stable and reliable 
and provides for the rapid change of the discharge width that is required for embodiments 

20 providing baggage feed to equipment having varying width limitations depending on the 

height of the baggage item. This embodiment of the arm pivot mechanism comprises a pivot 
motor, pivot drive, pivot cam, central push rod, a pair of opposing lateral push rods, a central 
pivot slide, central slide track, a pair of opposing lateral slides, and a pair of opposing lateral 
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slide tracks. 

For embodiments which provide for varying the discharge width, the position sensor 
may also include two lateral sensors, a lower lateral and an upper lateral sensor. The lower 
lateral sensor determines if a baggage item is taller than the maximum allowable height for the 

5 full width feed of the EDS equipment and the upper lateral sensor determines if a baggage 
item is taller than the maximum allowable height for the reduced width equipment feed. If the 
lateral sensors determine that a baggage item has a height which is less than the maximum 
allowable height for the wider EDS equipment feed opening, then the positioning arms are 
moved to or maintained at the full open position by the positioning arm controller. If the 

10 baggage item is determined to have a height greater than the maximum height for the Ml 
width EDS equipment opening but less than the maximum height for the reduced width EDS 
equipment opening, the positioning arms are moved to or maintained at a minimum discharge 
width position by the positioning arm controller. If the upper lateral position sensor 
determines that the height of the baggage item exceeds the maximum height of the restricted 

1 5 width opening of the EDS equipment opening, then the baggage feed conveyor and the 
baggage positioner are shut down by the positioning arm controller and an alarm activated. 

Similarly, for a fixed positioning arm embodiment of the baggage positioner, a single 
lateral sensor is used to determine if the maximum height of the baggage for entry into the 
EDS equipment opening is exceeded. If so, the feed conveyor and the baggage positioner are 

20 shut down by the positioning arm controller and an alarm is actuated. 

Also, vertical sensors are used to determine if the maximum allowed width of the 
baggage item is exceeded. If the maximum width is exceeded, again the feed conveyor and 
the baggage positioner are shut down by the positioning arm controller and an alarm is 
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actuated. 

A movement monitor sensor can also be used for the embodiments shown to monitor 
horizontal belt movement and therefore the movement of baggage items upon the horizontal 
belt. This provides additional data to the positioning arm controller for use in repositioning 
5 baggage items. Like the vertical belt pressure sensors, the movement monitor data is used by 
the positioning arm controller to enhance the effectiveness of the positioning arm vertical belt 
and arm pivot movements in repositioning baggage items. 

A leading edge sensor can also be used to look laterally across the infeed end of the 
horizontal conveyor to sense the leading edge of each baggage item entering the baggage 
10 positioner, to assist in the tracking of the baggage item through the baggage positioner, to 
assist in the determination of baggage item length and to assist in the determination of 
baggage item trailing edge location. 

A discharge end sensor may also be used to detect the leading edge and the trailing 
edge of the baggage item as it exits the baggage positioner. This data is used by the 
1 5 positioning arm controller to detect baggage jamming, baggage clear and trailing to leading 
edge clearance for successive baggage items moving through the discharge opening to an EDS 
device or other down stream equipment. 

Data from the movement monitor sensor, the leading edge sensor, the discharge end 
sensor, and the pressure sensors are used by the positioning arm controller to enhance and 
20 optimize the effectiveness of the baggage positioner, both for the fixed positioning arm and 
the pivoting positioning arm embodiments. 

The positioning arm controller, based upon the input data, determines when to turn the 
respective vertical belts on and off and determines the direction of movement of the respective 
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vertical belts. The belt speed of the horizontal conveyor and/or each vertical belt can also be 
controlled by the positioning arm controller. However, in the interest of maximum flexibility 
of operation and maintenance, the inventor prefers variable speed drives for the horizontal 
conveyor and the vertical belts. A preferred embodiment for a variable speed drive is a 
5 variable frequency drive. A variable frequency drive provides for both speed variation and 
direction variation as needed for the vertical belts. 

A preferred embodiment of the positioning arm controller includes a remote operation 
terminal which receives data from the position sensor as well as the movement monitor 
sensor, the leading edge sensor, the discharge sensor, and the pressure sensors it they are 

10 included. Communication between the foregoing sensors and the operation terminal can be 
by wire or wireless. The operation terminal includes a control computer and one or more user 
input devices for the user to interact with the control computer. The interaction may be as 
simple as turning the baggage positioner on or off or may include selection of settings for 
maximum and minimum discharge widths, maximum baggage heights, reaction times for 

1 5 discharge width adjustments, horizontal belt speeds, vertical belt speeds and other operational 
settings. The control computer receives the data from the sensors and, through the use of a 
positioning program, determines the time for activating a respective vertical belt, a desired 
direction for the belt and the time for deactivating the belt. It may also determine the speed of 
the vertical belt. The control computer may also vary the discharge width between the 

20 discharge ends of the positioning arms and the speed of the horizontal belt. 

The positioning program may also be stored on a central baggage handling computer. 
A simplified embodiment of the positioning arm controller with an integral control computer 
containing the positioning program may be mounted on the support structure or may be 
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located nearby at a location providing for vibration or environmental isolation while 
maintaining ready access from the baggage positioner location. The settings may be pre- 
programmed for the particular installation and use. 

Alternative embodiments of the present invention may provide that the positioning 

5 arm control system is not included. For these embodiments, the positioning arms are merely 
provided with control input means, which provides for an independent positioning arm 
controller to communicate with any sensors that are used for the installation and with the 
positioning arms. The control input means can be as simple as a cable jack for 
communication by wire or can be a FM or microwave transmitter and receiver for wireless 

10 communication. 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is a rear view perspective of a preferred embodiment of the baggage positioner 
of the present invention with fixed positioning arms. 

FIG. 2 is a rear view perspective of a preferred embodiment of the baggage positioner 
1 5 of the present invention with pivoting positioning arms. 

FIG. 3 is a plan view of an embodiment of the baggage positioner of the present 
invention in a maximum discharge width configuration illustrating repositioning of a baggage 
item. 

FIG. 4 is a plan view of an embodiment of the baggage positioner of the present 
20 invention in a minimum discharge width configuration illustrating repositioning of a baggage 
item. 

FIG. 5 is a plan view of a preferred embodiment of the baggage positioner of the 
present invention illustrating the positioning arm pressure sensors and spring loaded vertical 
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slide and illustrating a preferred embodiment of a positioning arm pivot mechanism. 

FIG. 6 is a rear view perspective of a preferred embodiment of the baggage positioner 
of the present invention with pivoting positioning arms, showing a preferred embodiment of a 
positioning arm pivot mechanism. 
5 FIG. 7 is a side view of a preferred embodiment of the baggage positioner of the 

present invention with pivoting positioning arms, showing a preferred embodiment of a 
positioning arm pivot mechanism. 

DETAILED DESCRIPTION 
As indicated above, for purposes of this application the term "baggage" shall be 
10 defined to be either passenger baggage items or air freight items or a combination thereof and 
the term "baggage item" shall be defined to be either a passenger baggage item or an air 
freight item. "Repositioning" of a baggage item may include lateral displacement of the 
geometric center of the baggage item or may include reorienting of the baggage item by 
rotation of the baggage item about its geometric center, or both. The term "position" as used 
15 with regard to a baggage item, shall be deemed to include lateral location and orientation on a 
horizontal conveyor belt, unless stated otherwise. 

Referring to FIG. 1, a preferred embodiment of the baggage positioner 1 of the present 
invention is shown. This preferred embodiment is comprised of a horizontal conveyor 3, a 
pair of opposing positioning arms 5, position sensor 7, support structure 9, and positioning 
20 arm controller 1 1 which is linked to the position sensor and the positioning arms. 

The horizontal conveyor will preferably be a typical conveyor belt with a horizontal 
belt drive means known in the art and will have a belt drum 13 at the horizontal conveyor 
infeed end 21 and the horizontal conveyor discharge end 22. A horizontal slide (not shown) 
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is typically required beneath the horizontal belt to support the belt and the baggage to prevent 
sagging and stretching of the belt. The horizontal belt drive means may have a fixed speed 
thereby providing for a fixed and known horizontal conveyor belt speed or may be equipped 
with a variable speed drive which may also communicate with the positioning arm controller 
5 thereby providing for user selected or automated variation in the speed 24 of the horizontal 
belt. A variable frequency drive is preferred by the inventor for a horizontal conveyor 
variable speed drive means. Referring also to FIG.'s 3 and 4, the speed of the horizontal belt 
will generally need to be equal to or greater than the speed 8 of the feed conveyor 10 
delivering baggage to the baggage positioner. 

10 The positioning arms 5, for the embodiment shown, each have a vertical belt 23 with a 

vertical belt bi-directional drive means, which typically will utilize a motor, drive, drums, and 
a tension mechanism, all of which are known in the art. An automated switch can be used to 
reverse the motor or the drive to provide for changing the direction of belt movement, 
providing for bi-directional movement 26 of each of the vertical belts. The vertical belt bi- 

1 5 directional drive means communicates with the positioning arm controller, which 

independently operates each vertical belt, turning each on and off and determining the 
direction of movement of each belt as needed to position baggage items for passage through a 
restricted inspection device opening or to other device or belt for which a reduced baggage 
stream width is required. Each vertical belt drive means may also be a equipped with a 

20 variable speed motor or variable speed drive which will provide not only for bi-directional 
movement of the vertical belts but will also provide for variable speed of the respective 
vertical belts as determined by the positioning arm controller. For economy and ease of 
operation and maintenance, the inventor prefers variable frequency drives which provide for 
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both variable speed and belt direction control in a single device for the vertical belts. 

The embodiment of the position sensor 7 shown in FIG. 1 is positioned at the infeed 
end 21 of the baggage positioner and consists of an array of photo sensors 28 mounted on a 
sensor rack 27 of the support structure 9. For economy, the inventor prefers reflective photo 

5 sensors, but background suppression type photo sensors or a photo array light curtain could be 
used. Further a laser volume measurement system, an ultrasonic volume measurement system 
or other position sensor means known in the art for sensing the orientation, lateral location, 
dimension or other position or geometric data for each baggage item as it approaches the 
infeed end of the baggage positioner could be used. Other position sensing means will likely 

10 be developed in the art in the future which could be deployed for the present invention. 

The position sensor provides position sensor data to the positioning arm controller. 
Position sensor data can include baggage item lateral location data, baggage item orientation 
data, baggage item dimension data and baggage item longitudinal location data. Referring to 
FIG.'s 3 and 4, for a preferred embodiment the position sensor data is used by the 

15 positioning arm controller to determine the lateral width 31 of the baggage item 32. The 
position sensor data may also be used by the positioning arm controller to determine the 
horizontal dimensions 33, 35 baggage item. The position sensor data could further be used by 
the positioning arm controller to determine the speed of the baggage item as it approaches the 
infeed end of the baggage positioner on the feed conveyor. Position sensor data obtained by 

20 the position sensor is then used by the positioning arm controller in determining when to 

actuate each of the vertical belts and which direction to turn the belt to provide for the desired 
repositioning of the baggage item so that it will pass through a restricted opening of baggage 
inspection equipment or otherwise be repositioned to a maximum baggage stream width 37 
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without jamming. The position sensor data can also be used to determine the respective 
speeds of the vertical belts if the vertical belts are equipped with a vertical belt variable speed 
drive. 

Referring now to FIG. 5, the vertical slide 39 of the positioning arms may be equipped 

5 with slide springs 41 and one or more pressure sensors 42 so that when a baggage item 
collides with the vertical belt and presses the vertical slide it actuates one or more of the 
pressure sensors. The inventor has found that four sensors symmetrically spaced in the 
positioning arm as illustrated in FIG. 7 is a preferred embodiment but a lessor or greater 
number can be used. Pressure sensor activation is communicated to the positioning arm 

10 controller and is used to assist in the determination of the direction of movement, or direction 
and speed of movement, of the vertical belt to effect the appropriate repositioning of the 
baggage item. Although a set of pressure sensors used with a spring loaded vertical slide as 
described above is preferred by the inventor for sensing the time of and position of impact of a 
baggage item with a respective positioning arm, other positioning arm impact sensing means 

1 5 are known in the art and can be used. 

As stated above, a primary objective of the present invention is to prevent or reduce 
jamming of conveyor belt baggage feed to automated baggage inspection equipment and in 
particular to EDS systems at airports. At the time of submission of this application there are 
two primary EDS systems in use at airports. One of these systems has a baggage entrance 

20 which is 25 inches wide and 19 inches high. The other system has two sets of limits. If the 
baggage item is 16 inches or less in height then it can have a maximum width of 29 inches. If, 
on the other hand, it has a height more than 16 inches but less than 21.5 inches, it can have a 
maximum width of no greater than 21.5 inches. Other types of baggage inspection equipment 
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and other baggage handling operations may require positioning baggage for reducing the 
baggage stream width by various amounts thereby requiring more than one discharge width 
for the positioning arms. The baggage stream width is the maximum lateral width between 
opposing sides of the baggage stream. 

5 Referring to FIG. 2, a preferred embodiment of the present invention is shown which 

provides for jam prevention or reduction for baggage feed to EDS equipment with more than 
one discharge width requirement and may be used for other equipment or applications 
requiring varying reductions in the baggage stream width. This embodiment includes the arm 
pivot mechanism 45 as shown in FIG.'s 5, 6 and 7 or may incorporate some other arm pivot 

10 means such as a variable and lockable upstream pivot shaft or other arm pivot means known 
in the art. The arm pivot mechanism shown in FIG.'s 5, 6 and 7 has been found by the 
inventor to be particularly stable and reliable and provides for the rapid change of the 
discharge width 46 that is required for embodiments providing baggage feed to equipment 
having varying width limitations depending on the height of the baggage item. This 

15 embodiment of the arm pivot mechanism 45 comprises a pivot motor 75, pivot drive 76, pivot 
cam 77, central push rod 79, a pair of opposing lateral push rods 81, a central pivot slide 83, 
central slide track 85, a pair of opposing lateral slides 87, and a pair of opposing lateral slide 
tracks 89. Pivot joints 95 are used to connect the pivot cam to the central push rod, the central 
push rod to the central slide, the central slide to the lateral push rods respectively and the 

20 lateral push rods respectively to the lateral slides. 

Referring also to FIG.'s 3 and 4 respectively, the positioning arms 5 are shown in a 
maximum discharge width configuration 107 in FIG. 3 and in a minimum discharge width 
configuration 109 in FIG. 4. The pivot motor communicates with the positioning arm 
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controller and activates the pivot drive based upon signals from the positioning arm controller 
to change the discharge width as needed for a baggage item. The pivot drive is connected to 
the pivot cam by a pivot drive shaft 91 which rotates the cam from the minimum discharge 
width position 93 shown in FIG.'s 6 and 7 through 180 degrees to a maximum discharge 

5 width position. By selection of appropriate lengths for the central push rod and the lateral 
push rods, the desired discharge width between the discharge ends of the positioning arms can 
be obtained for the respective maximum discharge width and minimum discharge width 
positions of the pivot cam. Alternatively, if more than two options of the discharge width are 
needed, the pivot cam can be rotated to any position as controlled by the positioning arm 

1 0 controller to generate a desired discharge width. 

As the pivot cam is rotated from the minimum discharge width position 93, the central 
slide 83 is moved on the central slide track 85 toward the discharge end, which results in the 
respective lateral slides 87 being moved along the respective lateral slide tracks 89 toward the 
outside end 99 of the respective lateral slide track. Each lateral slide is connected to a 

15 respective positioning arm by a respective arm support member 97. The arm support 

members move the discharge ends 101 of the positioning arms apart as the lateral slides are 
moved toward their respective outside ends. Each lateral slide track is curved with the radius 
of curvature equal to the distance from the slide tracks to the upstream pivot shaft 103. Each 
positioning arm is supported on the upstream end by the upstream pivot shaft which, through 

20 the use of one or more pivot bearings 105, also provides for the rotation of the positioning 
arm about the upstream pivot shaft as the lateral slide moves on the lateral slide track. The 
central slide track, the lateral slide tracks, and the upstream pivot shafts are anchored to the 
support frame. 
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For the preferred embodiment shown in FIG. 2, the position sensor preferably 
includes two lateral sensors 47. The lower lateral sensor 49 determines if a baggage item is 
taller than the maximum allowable height for the full width feed of the EDS equipment and 
the upper lateral sensor 51 determines if a bag is taller than the maximum allowable height for 

5 the reduced width equipment feed. If the lateral sensors determine that a baggage item has a 
height which is less than the maximum allowable height for the wider EDS equipment feed 
opening, then the positioning arms are moved to or maintained at the full open position by the 
positioning arm controller. If the baggage item is determined to have a height greater than the 
maximum height for the full width EDS equipment opening but less than the maximum height 

10 for the reduced width EDS equipment opening, the positioning arms are moved to or 

maintained at a minimum discharge width position 109 as shown in FIG.'s 3 and 5 by the 
positioning arm controller. If the upper lateral position sensor determines that the height of 
the baggage item exceeds the maximum height of the restricted width opening of the EDS 
equipment opening, then the baggage feed conveyor 10 and the baggage positioner 1 are shut 

1 5 down by the positioning arm controller and an alarm activated. 

Similarly, for the single width, fixed positioning arm embodiment of the baggage 
positioner of the present invention shown in FIG. 1, a single lateral sensor 57 is used to 
determine if the maximum height of the baggage for entry into the EDS equipment opening is 
exceeded. If so, the feed conveyor and the baggage positioner are shut down by the 

20 positioning arm controller and an alarm is actuated. 

Also, the vertical sensors 58, are used to determine if the maximum allowed width of 
the baggage item is exceeded. For both of the embodiments shown in FIG. 1 and in FIG. 2, 
if the maximum width is exceeded, again the feed conveyor and the baggage positioner are 
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shut down by the positioning arm controller and an alarm is actuated. 

A movement monitor sensor 59 can also be used for the embodiments shown in FIG, 
1 and FIG. 2 to monitor horizontal belt movement and therefore the movement of baggage 
items upon the horizontal belt. This provides additional data to the positioning arm controller 

5 for use in repositioning baggage items. The embodiment of the movement monitor sensor 
shown in FIG. 1 and FIG. 2 is an optical encoder 61 which is mechanically coupled to the 
horizontal conveyor infeed end drum shaft 63. An optical encoder will typically generate a 
square wave pulse signal to the positioning arm controller for each revolution of the 
horizontal conveyor infeed end drum shaft, thereby allowing a determination of speed of the 

10 horizontal belt and the baggage item's position thereon. Like the vertical belt pressure 

sensors, the movement monitor data is used by the positioning arm controller to enhance the 
effectiveness of the positioning arm vertical belt and arm pivot movements in repositioning 
baggage items. Other horizontal belt movement monitor means which are known in the art 
could be used. This could include a proximity sensor looking at a sprocket on the infeed end 

1 5 drum, a tachometer pressing against the conveyor belt or some other similar method known in 
the art. 

A leading edge sensor 60 can also be used for the embodiments shown in FIG. 1 and 
FIG. 2. The leading edge sensor "looks" laterally across the infeed end 21 of the horizontal 
conveyor. This sensor senses the leading edge of each baggage item entering the baggage 
20 positioner, assists in the tracking of the baggage item through the baggage positioner, allows 
the determination of baggage item length and allows the determination of baggage item 
trailing edge location. The data from this sensor can be used by the positioning arm controller 
with data from a movement monitor sensor 61 to determine the length of the baggage item. 
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The embodiment of the leading edge sensor shown in FIG. 1 and FIG, 2 is a photo sensor 65 
positioned at the infeed end of the horizontal conveyor, but other types of leading edge 
sensing means known in the art could be used. 

Referring also to FIG. 3 and FIG, 4, a discharge end sensor 67 may also be used to 

5 detect the leading edge 69 and the trailing edge 71 of the baggage item as it exits the baggage 
positioner. This data is used by the positioning arm controller to detect baggage jamming, 
baggage clear and trailing to leading edge clearance 72 for successive baggage items moving 
through the discharge opening 73 to an EDS device or other down stream equipment. Again a 
sensor preferred by the inventor for the discharge end sensor is the photo sensor 74 shown but 

10 other devices known in the art could be used for a discharge end sensor means. 

Data from the movement monitor sensor, the leading edge sensor, the discharge end 
sensor, and the pressure sensors are used by the positioning arm controller to enhance and 
optimize the effectiveness of the baggage positioner, both for the fixed positioning arm 
embodiment shown in FIG. 1 and the pivoting positioning arm embodiment as shown in FIG. 

15 2. 

The positioning arm controller, based upon the input data, determines when to turn the 
respective vertical belts on and off and determines the direction of movement of the respective 
vertical belts. The belt speed of the horizontal belt and/or each vertical belt can also be 
controlled by the positioning arm controller. However, in the interest of maximum flexibility 
20 of operation and maintenance, the inventor prefers variable speed drives for the horizontal 
conveyor and the vertical belts. A preferred embodiment for a variable speed drive is a 
variable frequency drive. A variable frequency drive provides for both speed variation and 
direction variation as needed for the vertical belts. 
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Referring to FIG.'s 3 and 4, the movement of a baggage item 32 through the baggage 
positioner and the repositioning of the baggage item so that it will pass between the discharge 
ends 101 of the respective positioning arms 5 is shown. FIG. 3 illustrates a left front corner 
111 of a baggage item impacting the left positioning arm 113 with the positioning arms in a 

5 maximum discharge width configuration 107 and the left positioning arm vertical belt 

propelling the left corner forward and inward, thereby repositioning the baggage item so that 
it can pass between the downstream ends of the positioning arms in a baggage stream with a 
baggage stream width that is equal to the discharge width 46. The direction of the vertical 
belt movement was determined by the positioning arm controller based upon data from the 

10 sensors. FIG. 4 illustrates a right front corner 115 of a baggage item impacting the right 
positioning arm 117 with the positioning arms in a minimum discharge width configuration 
109 and the right positioning arm vertical belt propelling the right corner rearward, thereby 
repositioning the baggage item so that it can pass between the downstream ends of the 
positioning arms in a baggage stream with a baggage stream width that is equal to the 

1 5 discharge width 46. Again, the direction of the vertical belt movement was determined by 
the positioning arm controller based upon data from the sensors. 

A preferred embodiment of the positioning arm controller includes a remote operation 
terminal which receives data from the position sensor as well as the movement monitor 
sensor, the leading edge sensor, the discharge sensor, and the pressure sensors it they are 

20 included. Communication between the foregoing sensors and the operation terminal can be 
by wire or wireless. The operation terminal includes a control computer and one or more user 
input devices for the user to interact with the control computer. The interaction may be as 
simple as turning the baggage positioner on or off or may include selection of settings for 
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maximum and minimum discharge widths, maximum baggage heights, reaction times for 
discharge width adjustments, horizontal belt speeds, vertical belt speeds and other operational 
settings. The control computer receives the data from the sensors and, through the use of a 
positioning program, determines the time for activating a respective vertical belt, a desired 

5 direction for the belt and the time for deactivating the belt. It may also determine the speed of 
the vertical belt. The control computer may also vary the discharge width between the 
discharge ends of the positioning arms and the speed of the horizontal belt. Communication 
with the respective vertical belt drive means, the arm pivot means, and the horizontal 
conveyor drive means can be by wire or wireless. Typically interface relays mounted on the 

10 support structure link the control computer to the vertical belt drive means, the pivot means, 
and the horizontal conveyor drive means. The positioning program may also be stored on a 
central baggage handling computer which will serve as the control computer and 
communicate by Internet or network with the sensors, the positioning arms and the horizontal 
conveyor. A simplified embodiment of the positioning arm controller with an integral control 

1 5 computer containing the positioning program may be mounted on the support structure with 
settings pre-programmed for the particular installation and use. The baggage positioner then 
only requires proper placement and connection to a power supply and operation consists of 
turning the baggage positioner on and off. Alternatively, such a simplified embodiment of the 
positioning arm controller may be located nearby at a location providing for vibration or 

20 environmental isolation while maintaining ready access from the baggage positioner location. 

Alternative embodiments of the present invention may provide that the positioning 
arm control system is not included. For these embodiments, the positioning arms are merely 
provided with control input means, which provides for an independent positioning arm 
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controller to communicate with any sensors that are used for the installation and with the 
positioning arms. The control input means can be as simple as a cable jack for 
communication by wire or can be a transmitter and receiver for wireless communication. 
Other control input means are known in the art. 

5 For preferred embodiments, the inventor prefers that a smooth fabric belt be used for 

the horizontal belt. This allows a baggage item to slide easily on the horizontal belt as it is 
being repositioned. However, the inventor has found that the present invention will function 
acceptably with horizontal belts having a somewhat higher friction surface, including belts 
referred to in the industry as "FS" belts. However, this will likely increase the incidence of 

1 0 j amming somewhat. A modular belt, which typically may be constructed of slats ranging 
from about one-half inch to two inches in width, may also be used for the horizontal belt. 
Depending on the material used for the surface of the slats, modular belts typically provide for 
adequate slippage for repositioning. Also, while driven rollers generally can not be used for 
passenger baggage, they can be used instead of a belt for air freight, as rollers will generally 

15 provide for adequate slippage for repositioning. Again this will depend on the material used 
for the roller surface. For brevity, the term "horizontal conveyor" used in the claims and 
elsewhere in this application shall include a conveyor with a fabric belt or a modular belt, a 
conveyor with driven rollers, or other similar horizontal driven conveyance mechanisms 
known in the art. 

20 For certain applications of the present invention, a longitudinal slope on the horizontal 

belt may be desirable. For applications using a smooth surface belt, the slope is generally 
limited to approximately ten or twelve degrees. With an FS surface, the slope can be 
increased to approximately fifteen degrees. Since eighteen degrees is generally the 
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recommended maximum and twenty two degrees is the absolute maximum for the 
longitudinal slope of a baggage conveyor due to the tendency of baggage to roll if the slope is 
too high, the present invention is generally adaptable to most slope applications that may be 
encountered. For brevity, the term "horizontal conveyor " used in the claims and elsewhere 
5 in this application shall include horizontal embodiments of the horizontal conveyor and 
embodiments which are roughly horizontal but which are sloped for the application as 
described above. 

The vertical belt for the positioning arms may also be a smooth fabric belt, an FS belt, 
a high friction belt, or a modular belt. The inventor prefers a modular belt with a high friction 
10 surface. While slippage is needed on the horizontal belt for repositioning, high friction is 
preferred on the vertical belts to minimize slippage. A modular belt is preferred for the 
vertical belts because it eliminates the tracking problem with fabric belts which tend to 
migrate toward one side or other of the belt drums if the axes of the belts are not alined 
correctly. This tracking problem is much worse for vertical belts because of the effect of 
1 5 gravity on belt migration. If fabric belts are to be used for the positioning arms, generally a v- 
belt must be welded to the back of the fabric belt and grooved belt drums used. This is 
eliminated by the use of a modular belt. Driven rollers can also be used for the positioning 
arms in lieu of belts for air cargo. 

While preferred embodiments of the positioning arms have belt drums which have 
20 vertical axes, other embodiments may have belt drums with axes inclined from vertical. 
For brevity, the term "vertical belt" used in the claims and elsewhere in this 
application shall be deemed to include a fabric belt, a modular belt as well as other belts and 
continuously driveable surfaces known in the art and shall include driven rollers or other 
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vertical conveyance mechanism known in the art. Also, for brevity the term "vertical belt" 
shall be deemed to include vertical embodiments of the vertical belt and embodiments which 
are roughly vertical but are inclined from the vertical. 

Other objects, features and advantages of the present invention will become apparent 
from the preceding detailed description considered in connection with the accompanying 
drawings. It is to be understood, however, that the drawings and the foregoing description are 
designed as an illustration only and not as a definition of the limits of the invention. 
Therefore, the foregoing is intended to be merely illustrative of the invention and the 
invention is limited only by the following claims. 
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